WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intmational Patent Oassificatioii ^ 
aiN 15/81, 1/16,9/42 



Al 



(11) International Publication Namber: 
(43) ioternational Pubiication Date: 



WO 93/11249 

lOJune 1993 (10.06.93) 



(21) International Apptication Namber: PCT/DK92/00360 

(22) International Filing Date: 2 December 1992 (02.12.92) 



(30) Priority data: 

PCT/DK91/00379 4 December 1991 (04.12.91) WO 
(34) Countries for which ilie regional 
or international application 

was filed: DKctal. 
PCT/DK91/00378 4 December 1991 (04.12.91) WO 
(34) Countries for which the regional 

or international application 

was filed: DKetal. 



(71) Applicant (for all designated States except US): NOVO 
NORDISR A/S [DK/Diq; Novo Ali£, DK-2880 Bags- 
vaerd (DK). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only) : DALB0GE, Henrik 
[DK/DK]; Ligustervacnget 63, DK-2830 Virum (DK) 
HELDT-HANSEN. Hans, Peter [DK/DK]; Vangeledet 
53, DK-2830 Virum (DK). RASMUSSEN, Grethe [DK/ 
DKl; Theklavej 15, st.tv., DK-2400 Kebenhavn NV 
(DK). 



(81) Designated States: BR, CA, FI, JP, KR, US, European pa 
tent (AT, BE, CH, DE, DK, ES, FR. GB, GR, IE, IT. 
LU, MC, NL, PT, SE). 



Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: A METHOD OF CLONING PROTEINS IN YEAST AND CELLULASE FROM HUMICOLA INSOLENS 



(57) Abstract 

Method of screening for a DNA sequence coding for a protein of interest, the method comprising a) cloning, in suitable 
vectors, a DNA library from an organism suspected of producing one or more proteins of interest ; b) transforming suitable yeast 
host cells with said vectors; c) culturing the host cells under suitable conditions to express any protein of interest encoded by a 
clone in the DNA library, and d) screening for positive clones by determining any activity of a protein expressed in step (c). An 
enzyme which exhibits cellulase activity and has been isolated from DNA library of Humicola insolens. The enzyme has a cellu- 
lose binding domain and exhibits endocellulase activity in the presence of linear alkyl benzene sulfonate. 



FOR THE PURPOSES OF INFORMATION ONLY 

of pamphlets publishing international 



Codes used to identify Stales party to the PCT' on the front 
applications under the PCT. 



AT 
AU 



BP 

BC 

Bi 

BR 

CA 

CF 

CC 

CH 

CI 

CM 

CS 

CZ 

DE 

DK 

ES 

Fl 



Austrolb 

Bartiados 

Belgium 

Bitrkina Faso 

Bulgaria 

Benin 

Brazil 

Canada 

(*cnlral Arrican Republic 

Congo 

Swiucrland 

Cdli: il*t voire 

Canicroon 

(Vixhuslovakia 

CVuch Kcpublit 

Germany 

Denmark 

Spain 

Finland 



PR 
CA 
CO 
CN 
CR 
HU 
IE 

rr 
Jp 

KP 

KR 

KZ 

LK 
Lli 
MC 
MC 
Ml. 
MN 



Gabon 

UnUiMi Kinsioffl 

Guinea 

Greece 

Hungary 

Irebnd 

Italy 

Japan 

Dumocraltc Peopled Rcpuhlu: 
of Korea 

Republic of ICorea 

Ka»tkhslan 

Liccliteratcin 

Sri l^nka 

Lu^cuibotirg 

Monaco 

Madagaacar 

Mali 

Mongolia 



MR 


Mauritania 


MW 


Malawi 


NL 


Nelherlaiulii 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Poriugai 


RO 


Rumnma 


RU 


Kuisian FcJeraUon 


SO 


Sudan 


5E 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


5U 


Soviet Union 


TO 


fliad 


TC 


logo 


UA 


Ukraine 


US 


United Staus of Anwrica 


VN 


Vici Nam 



wo 93/11249 



PCr/DK92/00360 



1 

A method of cloning proteins in yeast and cellulase from 
Humicola insolens. 

FIELD OF INVENTION 

5 The present invention relates to a method of screening for DNA 
sequences coding for proteins of interest, as well as to a 
process for producing such proteins of interest. 

BACKGROUND OF THE INVENTION 

10 

The advent of recombinant DNA techniques has made it possible 
to select single protein components with interesting properties 
and produce them on a large scale. This represents an 
improvement over the previously employed production process 

15 using microorganisms isolated from nature and producing a 
mixture of proteins which would either be used as such or 
separated after the production step. However, the conventional 
cloning techniques have the drawback that each protein 
component has to be purified and characterized by its (partial) 

20 amino acid sequence before it is possible to prepare synthetic 
oligonucleotide probes for hybridization experiments. Since 
this is a rather time-consuming process, the cloning of novel 
proteins might be considerably expedited by using a screening 
method involving selecting clones expressing a desired protein 

25 activity. 

Such a screening method has previously been devised for the 
cloning of prokaryotic gene products in Bacillus, cf. US 
4,469,791; P. Cornells et al., yrol- Gen. Genet. 186/ 1982, pp. 
30 507-511; I. Palva, Gene 19. 1982, pp. 81-87; S.A. Ortlepp, Gene 
23 , 1983,. pp. 267-276; H. Yamazaki et al., J. Bacteriol. 156, 

1983, pp. 327-337; N. Tsukagoshi et al., Mol. Gen. Genet, 193, 

1984, pp. 58-63; M. Sibakov and I. Palva, Eur. J. Biochem. 145, 
1984, pp. 567-572; and J.R. Mielenz, Proc. Natl. Acad. Sci. USA 

35 80/ 1983, pp. 5975-5979. A screening method based on expression 
cloning of eukaryotic genes in mammalian cells has been 
described, e.g. in D.P. Gearing et al., Tt>e gMBO J. 8, 1989, 
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pp. 3667-3676; N. Harada et al., Proc. Natl. Acad. Sci. USA 82, 
1990, pp. 857-861; and R. Fukunaga et al.. Sell 61, 1990, pp. 
341-350. 

5 SUMMARY OF THE INVENTION 

It has now been found possible to screen for yeast clones 
expressing protein activities of interest with a view to 
isolating DNA coding for single protein components. 



10 



Accordingly, the present invention relates to a method of 
screening for a DNA sequence coding for a protein of interest, 
the method comprising 

15 (a) cloning, in suitable vectors, a DNA library from an 
organism suspected of producing one or more proteins of 
interest, 

(b) transforming suitable yeast host cells with said vectors, 

20 

(c) oulturing the host cells under suitable conditions to 
express any protein of interest encoded by a clone in the DNA 
library, and 

25 (d) screening for positive clones by determining any activity 
of a protein expressed in step (c) . 

AS indicated above, expression cloning of prokaryotic genes in 
Bacillus has previously been described. The prokaryotic systems 

30 devised for expression cloning, however, are not operable for 
the cloning of eukaryotic genes which are generally difficult 
to express in Bacillus . While expression cloning of eukaryotic 
genes in mammalian cells has been described, it is more 
advantageous to use yeast as a host organism as it is possible 

35 to obtain a much higher transformation frequency than with 
mammalian cells, and as yeast is far easier to cultivate. 
Furthermore, the yeast clones are stable whereas the mammalian 
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expression cloning system described in the references cited 
above is based on transient expression in COS cells. Unlike the 
mammalian system, the yeast system results in pure clones after 
the initial screening and, therefore, they need not be screened 
5 in pools and subpools as in the mammalian system- Apart from 
this conventional selection systems may be used to select yeast 
trans formants . 

According to the present invention, it has surprisingly been 
10 found that yeast cells appear to be able to express 
heterologous genes extracellularly by means of heterologous 
secretion signals in amounts which are sufficient for screening 
purposes. Although expression cloning of certain proteins in 
yeast has been described previously (G,L. McKnight and B.L. 
15 McConaughy, Proc. Nat- Acad, Sci, USA 80. 1983, pp. 4412-4416), 
it has not been generally useful as it is based on 
complementation of essential genes and therefore is dependent 
on yeast host strains which have been mutated to lack these 
essential genes. In the present screening method, no such 
20 requirement is necessary for the yeast host strain to be used 
in the method. Besides, the gene products of the previously 
described method are intracellular rather than extracellular 
as in the present method. 

25 The advantage presented by the present screening method is 
primarily that it requires no prior knowledge of the structure 
of the protein of interest. This means that the rate at which 
novel genes may be isolated and, consequently, novel products 
be developed may be greatly increased. Furthermore, the method 

30 permits screening for multiple protein activities and may even 
result in the isolation of several different genes coding for 
the same type of proteins. 

In another aspect, the present invention relates to a process 
35 for producing a protein of interest in a heterologous host 
cell, the process comprising transforming a suitable 
heterologous host cell with a DNA sequence coding for a protein 
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of interest, which DNA sequence has been isolated by the 
screening method of the invention, culturing the transformed 
cells under suitable conditions to express the protein, and 
recovering the expressed protein from the cultxire. 

5 

In a further aspect, the present invention relates to an enzyme 
which exhibits cellulase activity, 'and which has the following 
characteristics 

10 (a) the DNA sequence encoding the enzyme has been isolated from 
a DKA library of Humicola ii^slsnSf 

(b) said DNA sequence comprises at least one of the following- 
partial sequences 



15 



20 



25 



30 



(i) 



(ii) 



(iii) 



(iv) 



T66CA6CA6T GTGGT6G0GT 
CCTGTGTGTC CGGTTACAC6 
6TACAGCCAA TGC 
(SEQ ZD#1} 

CA6CGCAGCC GACGACGTTA 
AGGGCAACAT CGACAACAAG 
CAACCACTCCG G 
(SEQ ID#2) 

CCAAGGCGAA GTTCAAGOXSG 
GCTGAGTTCG GCAAGGAGAG 
CTTACTTCCT TCGC6ACGTC 
ATCGTG6CTT CA (SEQ n)#3) 



TGGCTTCTCG 
TGCGTGTACT 



GGCTCTACX3T 
TGAAC6ACTG 



CGGACAACAC 
GTCAGCCCCG 



AACAACGACC 
GCTGCCACTT 



TTG6CATCAA 
TATCC66CTA 
6TC6ATTCAA 



CCAGTCCTGC 
T6G6CAAGCA 
GC6CACATCA 



CTGACGTGAA CGTGACCAAC AACAACTTGG CCGTAGC6AC 
CGAGAACAAG CTGTGTACCA GATGCATCA (SEQ ID#4) 



GGACGGTCCG GCACGAGCAC GGCCTGCGTC AGCAGCCAGG 

TCGGCCTTCA GCGCGTCATT GGCGCGACCA ACTGGCTCAG 

GCAAAACGGC AAGGTTGGAC TGCTCGCGAC TTGCCGCGGC (SEQ 
ID#5) 



wo 93/11249 



5 



PCT/DK92/00360 



(vi) GCCAAGTGGG TTTGCCAGCA GGCCATTGAG GGCATGCTGA 

ACCACCTCCA GGAGAATAGC GATGTCTGGA CAGGTGCGCT 
CTCGTGGGCG GGAGGCCCGT GGTGGGGTTG ACTATATCTA (SEQ 
ID#6) 

5 

(c) the enzyme comprises a cellulose-binding domain, and 

(d) the enzyme exhibits endocellulase activity in the presence 
of linear alkyl benzene sulfonate. 

10 

The enzyme of the invention may be isolated by the method of 
the invention. 

In the present context, the term "cellulose-binding domain" is 
15 intended to indicate an amino acid sequence capable of . 
effecting binding of the enzyme to a cellulosic substrate. 
Cellulose-binding domains have been found to be important for 
the endoglucanase activity of cellulytic enzymes on substrates 
(cf . the discussion in PCT/DK9 1/00124) . The term "endocellulase 
20 activity" refers to the ability of the enzyme to degrade 
cellulose to glucose, cellobiose, triose and other cello- 
oligosaccharides, as determined by the formation of clearing 
zones in a carboxymethyl cellulose (CMC) gel under the 
conditions specified below. Unlike the endocellulase described 
25 in PCT/DK91/00123) , the enzyme of the present invention shows 
substantially unchanged stability in the presence of linear 
alkyl benzene sulfonates. This is an important advantage as 
linear alkyl benzene sulfonates are commonly used in detergent 
compositions. 

30 

DETAILED DISCLOSURE OF THE INVENTION 

According to the invention, the DNA library is preferably a 
cDNA library prepared from the mRNA of an organism suspected 
35 of producing one or more proteins of interest. Although it may 
also be possible to screen genomic libraries in this manner, 
at least some potential yeast hosts may not be able to splice 
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eukaryotic genomic DNA correctly, and therefore a positive 
result of the screening may more often be obtained by using 
cDNA instead. 

5 To ensure a more accurate result, it may be an advantage to 
subject positive clones isolated in step (d) of the present 
method to rescreening, reisolation and recloning. 

The organism suspected of producing one or more proteins of 
10 interest is typically a eukaryotic organism, in particular a 
fungus since fungi are known to produce a large number of 
different proteins which makes the traditional process of 
isolating a gene coding for a particular protein product by 
initially purifying each protein separately particularly 
15 cumbersome. This makes it particularly advantageous to screen 
fungal DNA libraries by the method of the invention because a 
large number of different protein activities (and DNAs coding 
for them) may be identified within a relatively short time-span 
using the same library. In this respect, screening of yeast 
20 colonies for different protein activities is far more efficient 
than screening of filamentous fungi as a large number (i.e. 
about 500-1000) of yeast colonies may be grown on each plate, 
compared to 10-50 filamentous fungi/plate. 

25 one type of industrially useful proteins currently obtained 
from fungi is enzymes. Thus, yeast clones may be screened by 
the method of the invention for expression of one or more 
enzyme activities by means of appropriate assays. Examples of 
enzymes which may be identified by this method are 

30 carbohydrases, e.g. cellulytic enzymes such as endocellulases, 
cellobiohydrolases, p-glucanases or ^-glucosidases, 
hemicellulases or pectinolytic enzymes such as galactanases, 
galactosidases, mannanases, xylanases, pectinases, xylosidases, 
arabanases, rhamnogalacturonases or amylases; esterases, e.g. 

35 lipolytic enzymes such as lipases; proteases; oxidoreductases , 
e.g. peroxidases, oxidases or laccases; or isomerases, e.g. 
glucose isomerase. 
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A wide range of indicator systems for the different types of 
enzymes may be used for the screening of yeast colonies on agar 
plates. For instance, endocellulases may be identified by 
clearing zones in carboxymethyl cellulose after staining with 
5 Congo Red; similar methods may be used to detect glucanases, 
xylanases* and galactanases. Endoarabanases may be identified 
by blue zones obtained after dissolution of azurine-crossl inked 
araban. This principle is general and may be used to detect, 
e.g., mannanases, xylanases and cellulases. Pectinases 

10 (polygalacturonases and pectin lyases) may be identified by 
clearing zones in pectin after precipitation with quaternary 
ammonium ions. Amylases may be identified by clearing zones in 
starch after visualisation with iodine, a-galactosidases may 
be detected by the release of p-nitrophenol (yellow) from p- 

15 nitrophenol-a-galactopyranoside or by coupling released 
naphthole or naphthole derivatives from, e.g., 1-naphthole-a- 
galactopyranoside to azo dyes; similar methods may be used to 
detect )S-galactosidases, a- and ^-glycosidases, /3-xylosidase 
and ^-mannosidase. Nximerous methods are available for the 

20 detection of proteases, e.g. clearing zones in casein after 
precipitation with trichloroacetic acid. Peroxidases and 
oxidases may be detected by the reaction of 4-aminoantipyrine 
with ESBT (N-ethyl-N-sulfobutyl-m-toluidine) in the presence 
of hydrogen peroxide (generating a purple colour) . Lipases may 

25 be detected by the formation of clearing zones in tributyrine 
emulsions. 

The yeast strain selected to be the host cell for the DNA 
library may be any yeast strain conventionally used for the 

30 cloning of heterologous DNA sequences. Thus, the yeast strain 
may suitably be selected from Saccharomvces sp., such as 
Saccharomvces cerevisiae . Saccharomvces kluyveri . Sacchar omvces 
uvarum or Schizosaccharomvces poinbe, Hansenula sp. JPichia sp, , 
Yarrowia sp. such as yarrowia lioolvtica . or Kluweromvces sp. 

35 such as Kluweromvces lactis . 
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The vector used for cloning the DNA library may be any vector 
which may conveniently be subjected to recombinant DNA 
procedures. In each vector, the DNA sequence derived from the 
library should be operably connected to a suitable promoter 
5 sequence. The promoter may be any DNA sequence which shows 
transcriptional activity in the yeast cell. Examples of 
suitable promoters for use in' yeast host cells include 
promoters from yeast glycolytic genes (Hitzeman et al., 
RSol. Chem. 1980, pp. 12073-12080; Alber and Kawasaki, 

10 M--* - g^"- ^' 1982, pp. 419-434) or alcohol dehydrogenase 

genes (Young et al., in r^^n^tic Enainp.erjng of Microorganisms 
i^nr- Chemicals CHollaender et al, eds.) , Plenum Press, New York, 
1982) , or the TPIl (US 4, 599, 311) or ADH2-4C (Russell et al. , 
Nature 304, 1983, pp. 652-654) promoters. 



15 



20 



Each DNA library sequence may also be operably connected to a 
suitable terminator, such as the 2EIi (Alber and Kawasaki, flB^ 
eit.) or (McKnight et al., se^ £3^) ov yeast MFo 

terminators. 



The vector may further comprise a DNA sequence enabling the 
vector to replicate in yeast cell. An example of such a 
sequence is the yeast plasmid 2/i replication genes REP 1-3 and 
origin of replication. If the vector is a yeast/E^ coli shuttle 
25 vector, it will also include an origin of replication region 
which is functional in coli- The vector may also comprise 
a selectable marker, e.g. a gene the product of which 
complements a defect in the host cell such as nm, or one 
which confers resistance to a drug, e.g. ampicillin, kanamycin, 
30 chloramphenicol, tetracyclin, etc., or the srhi Trnsqncharomyces 
pombe TPI gene (described by P.R. Russell, fiene 4Q, 1985, pp. 
125-130) . 

The procedures used to ligate the DNA library sequences, the 
35 promoter and the terminator, respectively, and to introduce 
them into suitable vectors containing the information necessary 
for replication, are well known to persons skilled in the art 
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(cf., for instance, Sambrook et al., Molecular Cloning: A 
Laboratory Manual , Cold Spring Harbor, New York, 1989) . The 
transformation of yeast cells may for instance be effected by 
protoplast formation followed by transformation or by the LiAc 
5 method in a manner known per se. 

In the process of the invention of producing a protein of 
interest after the DNA coding for the protein has been isolated 
by the screening method described above, the heterologous host 
10 cell transformed with the isolated DNA sequence may be a strain 
of a filamentous fungus, e.g. fungi belonging to the groups 
Phycomycetes , Zygomycetes, Ascomycetes, Basidiomycetes or Fungi 
Imperfect!, including Hyphomycetes such as the genera 
Aspergillus , Trichoderma, Penicillium . Fusarium or Humicola . 

15 

The filamentous fungus host organism may conveniently be one 
which has previously been used as a host for producing 
recombinant proteins, e.g. a strain of Aspergillus sp,, such 
as A^ niger, nidulans or A^ orvzae . The use of A^ oryzae in 
20 the production of recombinant proteins is extensively described 
in, e.g. EP 238 023. 

In particular when the host organism is A^ oryzae, a preferred 
promoter for use in the process of the present invention is the 
25 ^ oryzae TAKA amylase promoter as it exhibits a strong 
transcriptional activity in A^ oryzae . The sequence of the TAKA 
amylase promoter appears from EP 238 023. 

Termination and polyadenylation sequences may suitably be 
30 derived from the same sources as the promoter. 

The techniques used to transform a fungal host cell may 
suitably be as described in EP 238 023. 

35 The medium used to culture the transformed host cells may be 
any conventional medium suitable for growing Aspergillus cells. 
The mature protein secreted from the host cells may 
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conveniently be recovered from the culture medium by well-known 
procedures including separating the ceils from the medium by 
centrifugation or filtration, and precipitating proteinaceous 
components of the medium by means of a salt such as ammonxum 
5 sulphate, followed by chromatographic procedures such as ion 
exchange chromatography, affinity chromatography, or the like. 

A preferred endocellulase enzyme according to the invention is 
an enzyme, a crude extract (15 mD of which diluted with one 

10 volume of 0.15% linear alkyl benzene sulfonate and added to a 
2% agarose gel containing 1% carboxymethyl cellulose in 50 mM 
sodium phosphate buffer, pH 7, mixed with one volume of 0.15% 
linear alkyl sulfonate forms a clearing zone in said agarose 
gel after IB hours of incubation, which clearing zone is equal 

15 to (less 3 mm) the clearing zone formed in a similar 
carboxymethyl cellulose gel not containing any linear alkyl 
benzene sulfonate, provided that the concentration of enzyme 
in the extract is such that a clearing zone of at least 10 mm 
is formed in a carboxymethyl cellulose gel (with no linear 

20 alkyl benzene sulfonate) under the conditions specified above. 

The DNA sequence coding for the enzyme may for instance be 
isolated by screening a cDNA library of Humicola insolens, e.g 
strain DSM 1800, deposited on 1 October 1981 at the Deutsche 

25 Sammlung von Mikroorganismen in accordance with the provisions 
of the Budapest Treaty and selecting for clones expressing the 
appropriate enzyme activity (i.e. endocellulase activity as de- 
fined above) . The appropriate DNA sequence may then be isolated 
from the clone by standard procedures, e.g. as described in 

30 Example 1. 

in a further aspect, the invention relates to a detergent 
additive comprising the enzyme of the invention. The detergent 
additive may suitably be in the form of a non-dusting granula- 
35 te stabilized liquid or protected enzyme. Non-dusting 
granulates may be produced e.g. according to US 4,106,991 and 
4,661,452 (both to NOVO Industri A/S) and may optionally be 
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coated by methods known in the art. Liquid enzyme preparations 
may, for instance, be stabilized by adding a polyol such as 
propylene glycol, a sugar or sugar alcohol, lactic acid or 
boric acid according to established methods. Other enzyme 
5 stabilizers are well known in the art. Protected enzymes may 
be prepared according to the method disclosed in EP 238 216. 

It will be understood that the detergent additive may further 
incltide one or more other enzymes, such as a protease, lipase / 
10 peroxidase or amylase, conventionally included in detergent 
additives. 

In a still further aspect, the present invention relates to a 
detergent composition comprising the enzyme of the invention. 
15 The detergent composition of the invention may be in any 
convenient form, e.g. as powder, granules or liquid. A liquid 
detergent may be aqueous, typically containing up to 90% water 
and 0-20% organic solvent. 

20 The detergent composition comprises a surfactant which may be 
anionic, non-ionic, cationic, amphoteric or a mixture of these 
types. The detergent will usually contain 0-50% anionic 
surfactant such as linear alkyl benzene sulphonate (LAS) , 
alpha-olefin sulphonate (AOS) , alkyl sulphate (AS) , alcohol 

25 ethoxy sulphate (AES) or soap. It may also contain 0-40% non- 
ionic surfactant such as nonyl phenol ethoxylate or alcohol 
ethoxylate. Furthermore, it may contain a polyhydroxy fatty 
acid amide surfactant (e.g. as described in wo 92/06154) . 

30 The detergent composition may additionally comprise one or more 
other enzymes, such as an amylase, lipase, peroxidase, oxidase 
or protease. 

The pH (measured in aqueous detergent solution) will usually 
35 be neutral or alkaline, e.g. 7-11. The detergent may contain 
1-40% of a detergent builder such as zeolite, phosphate, 
phosphonate, citrate, NTA, EDTA or DTPA, alkenyl succinic 
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anhydride, or silicate, or it may be unbuilt (i.e. essentially 
free from a detergent builder). It may also contain other 
conventional detergent ingredients, e.g. fabric conditioners, 
foam boosters, bleaching agents, e.g. perborate, percarbonate, 
tetraacetyl ethylene diamine (TAED) , or nonanoyloxybenzene 
sulfonate (NOBS), anti-corrosion agents, soil-siispending 
agents, sequestering agents, anti-soil redeposition agents, 
stabilizing agents for the enzyme (s), foam depressors, dyes, 
bactericides, optical brighteners or perfumes. 

Particular forms of detergent composition within the scope of 
the invention include: 

a) A detergent composition formulated as a detergent powder 
15 containing phosphate builder, anionic surfactant, nonionic 

surfactant, silicate, alkali to adjust to desired pH in use, 
and neutral inorganic salt. 

b) A detergent composition formulated as a detergent powder 
20 containing zeolite builder, anionic surfactant, nonionic 

surfactant, acrylic or equivalent polymer, silicate, alkali to 
adjust to desired pH in use, and neutral inorganic salt. 

c) A detergent composition formulated as an aqueous detergent 
25 liquid comprising anionic surfactant, nonionic surfactant, 

humectant, organic acid, caustic alkali, with a pH in use 
adjusted to a value between 7 and 10.5. 

d) A detergent composition formulated as a nonaqueous deter- 
30 gent liquid comprising a liquid nonionic surfactant consisting 

essentially of linear alkoxylated primary alcohol, phosphate 
builder, caustic alkali, with a pH in use adjusted to a value 
between about 7 and 10.5. 

35 e) A detergent composition formulated as a detergent powder 
in the form of a granulate having a bulk density of at least 
600 g/1, containing anionic surfactant and nonionic Surfactant, 
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low or substantially zero neutral inorganic salt, phosphate 
builder, and sodium silicate. 

f ) A detergent composition formulated as a detergent powder 
5 in the form of a granulate having a bulk density of at least 
600 g/1, containing anionic surfactant and nonionic surfactant, 
low or substantially zero neutral inorganic salt, zeolite 
builder, and sodium silicate. 

10 g) A detergent composition formulated as a detergent powder 
containing anionic surfactant, nonionic surfactant, acrylic 
polymer, fatty acid soap, sodium carbonate, sodixim sulphate, 
clay particles, and sodium silicate. 

15 h) A liquid compact detergent comprising 5-65% by weight of 
surfactant, 0-50% by weight of builder and 0-30% by weight of 
electrolyte. 

Apart from these ingredients, the detergent compositions a)-h) 
20 include the cellulase of the invention and optionally one or 
more other enzymes, as indicated above. 

The softening, soil removal and colour clarification effects 
obtainable by means of the enzyme of the invention generally 

25 require a concentration of the enzyme in the washing solution 
of 0.0001 - 100, preferably 0.0005 - 60, and most preferably 
0.01 - 20 mg of enzyme protein per liter. The detergent 
composition of the invention is typically employed in 
concentrations of 0.5 - 20 g/1 in the washing solution. In 

30 general, it is most convenient to add the detergent additive 
in amounts of 0.1 - 5% w/w or, preferably, in amounts of 0.2 - 
2% of the detergent composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Fig. 1 is a map of plasmid pYHD17, wherein "TPI promoter" 
indicates the S. cerevisiae triose phosphate isomerase 
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promoter, "Terminator" indicates the S. cerevisiae triose 
phosphate isomerase terminator, "Amp" indicates the gene 
mediating ampicillin resistance, "2m ori" indicates the yeast 
plasmid 2M origin of replication, and "UR&3" indicates a gene 
5 encoding a selection marker complementing a uracil deficiency 
in the host strain; and 

Fig. 2 is a map of plasmid pHD414, wherein "AMG Terminator" 
indicates the A. niaer glucoamylase terminator, and "TAKA 
10 Promoter" indicates the &. oryzae TAKA amylase promoter; 

The present invention is further illustrated in the following 
examples which are not in any way intended to limit the scope 
of the invention as claimed. 



15 



EXAMPLES 

Materials and Methods 

20 Donor organism: mRNA was isolated from the following organisms: 
w. insolens . DSM 1800, grown in a cellulose-rich fermentation 
medium with agitation to ensure sufficient aeration. 

construction of an expression plasmid: The commercially 
25 available plasmid pYES II (Invitrogen) was cut with Spel, 
filled in with Klenow DNA polymerase + dNTP and cut with Clal. 
The DNA was size fractionated on an agarose gel, and a fragment 
of about 2000 bp was purified by electroelution. The same 
plasmid was cut with Clal/PvuII, and a fragment of about 3400 
30 bp was purified by electroelution. The two fragments were 
ligated to a blunt-ended Sphl/EcoRI fragment containing the 
yeast TPI promoter. This fragment was isolated from a plasmid 
in which the TPI promoter from ggyevisiae (cf . T. Albers and 
6. Kawasaki, ^ , Genet. 1, 1982, pp. 419-434) was 

35 slightly modified: an internal SphI site was removed by 
deleting the four bp constituting the core of this sxte. 
• Furthermore, redundant sequences upstream of the promoter Were 
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removed by Ball exonuclease treatment followed by addition of 
a Sphl linker. Finally, an EcoRI linker was added at position - 
10. After these modifications, the promoter is included in a 
Sphl-EcoRI fragment. Its effeciency compared to the original 
5 promoter appears to be unaffected by the modifications. The 
resulting plasmid pYHD17 is shown in Fig. 1. 

Isolation of mRNA: Total RNA was isolated from approximately 
7 g of mycelium. The mycelium was frozen in liquid nitrogen and 
10 ground in a mortar with 1 g of quartz sand to a consistency of 
flour. The RNA was extracted with guanidinium thiocyanate and 
centrifuged through CsCl essentially as described in Sambrook 
et al., 1989, op. cit. . Poly A RNA was isolated from total RNA 
by chroma trography on oligo dT cellulose. 

15 

cDNA synthesis: cDNA synthesis was carried out by means of a 
cDNA synthesis kit from Invitrogen according to the 
manufacturer's specifications. The DNA was adapted to the 
expression vectors by addition of a Bstxl linker (Invitrogen) 

20 and size fractionated on an agarose gel. Only DNA larger than 
5-600 bp was used in the library construction. The adapted cDNA 
was ligated into an appropriate vector cut with Bstxl. 
Following test ligations (in order to determine the size of the 
library) the library was plated onto 50 agar plates. To each 

25 plate containing from approximately 500 to 5000 individual 
clones (dependent on the library size) was added 3 ml medium. 
The bacteria were scraped off, 1 ml glycerol was added, and 
stored at -80 "C as 50 pools. The remaining 2 ml were used for 
DNA isolation. If the amount of DNA was insufficient to give 

30 the required number of yeast transformants (see below) , large 
scale DNA was prepared from 500ml medium (TB) inoculated with 
50 fil -80 'C bacterial stock propagated over night. 

Construction of Yeast Libraries: DNA from one or more pools was 
35 transformed into yeast as described below. To ensure that all 
the bacterial clones were tested in yeast a number of yeast 
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transfonnants 5 x larger than the nvmb&r of bacteria clones in 
the original pools was set as a limit. 

Transformation of yeast: The yeast strain used was yNG231. (MAT 
5 alpha, leu2, ura3-52, his4-539, pep4-delta 1, cir+) . One colony 
was grown at 30-c overnight in 10 ml YPD (this culture can be 
stored for several days at 5*C). ' 

10, 30, and 60 fil of this culture were added to 3 shaker flasks 

10 containing 100 ml YPD, and incubated with shaking overnight at 
30-C. The culture with an OD^q closest to 0.3-0.4 was selected. 
The cells were harvested in 50 ml tubes in a Beckman centrifuge 
(speed 6, 10 minutes), the cells were resuspended in 2 x 5 ml 
HjO, centrifuged as described above, resuspended in 5 ml buffer 

15 containing 0.1 M LiAc, 10 mM Tris-Cl, 1 mM EDTA, pH 7.5, and 
centrifuged again. The cells were resuspended in 500 fil of the 
above buffer and incubated for 60 minutes at 30-C. 250 /tg 
carrier DNA (sterile salmon-sperm DNA 10 mg/ml) was added and 
aliquots of 100 nl were prepared. The DNA to be transformed 

20 (approx. 5 Atg) was added to the 100 ftl aliquot, mixed gently, 
and incubated for 30 minutes at 30-C. 700 fil 40% PEG 4000, 0.1 
M LiAc, 10 mM Tris-Cl, 1 mM EDTA, pH 7.5 was added, and 
incubation was continued for 60 minutes at 30-C. The 
transformation mixture was subjected to heat shock for 5 

25 minutes at 42-C, spun briefly in a micro centrifuge, 
resuspended in 100-200 fil HgO, and plated on SC plates without 
uracil, followed by incubation for three days at 30 'C. 

Preparation of carrier DHA: 100 mg salmon-sperm DNA was weigbed 
30 out and dissolved overnight in 10 ml 10 mM Tris-Cl, 1 rtM EDTA, 
pH 7,5 (TE). The solution was then sonicated in a plastic 
container in ice water until it was no longer viscous. The 
solution was then phenols extracted and EtOH precipitated, and 
the pellet was washed and resuspended in 5 ml TE. The 
35 suspension was EtOH precipitated, and the pellet was washed and 
resuspend in 5 ml TE. The OD^^o ^^s measured, and the suspension 
was diluted with TE to 10 mg/ml. 
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Media: 

YPD: 10 g yeast extract, 20 g peptone, HjO to 810 ml. 
Autoclaved, 90 ml 20% glucose (sterile filtered) added. 

5 10 X Basal salt: 66.8 g yeast nitrogen base, 100 g succinic 
acid, 60 g NaOH, HjO ad 1000 ml, sterile filtered. 

SC-URA: 90 ml 10 x Basal salt, 22.5 ml 20 % casamino acids, 
9 ml 1% tryptophane, HjO ad 806 ml, autoclaved, 3.6 ml 5% 
10 threonine and 90 ml 20% glucose added. 

SC-H agar: 7.5 g/1 yeast nitrogen base without amino acids, 
11.3 g/1 succinic acid, 6.8 g/1 NaOH, 5.6 g/1 casamino acids 
without vitamins, 0.1 g/1 tryptophan and 20 g/1 agar (Bacto) . 
15 Autoclaved for 20 min. at 121'C. After autoclaving, 55 ml of 
a 22% galactose solution and 1.8 ml of a 5% threonine solution 
were added per 450 ml agar. 

SC-H broth: 7.5 g/1 yeast nitrogen base without amino acids, 
20 11.3 g/1 succinic acid, 6.8 g/1 NaOH, 5.6 g/1 casamino acids 
without vitamins, 0.1 g/1 tryptophan. Autoclaved for 20 min. 
at 121*C. After autoclaving, 10 ml of a 30% galactose solution, 
5 ml of a 30% glucose solution and 0.4 ml of a 5% threonine 
solution were added per 100 ml medium. 

25 

YNB-l agar: 3.3 g/1 KHgPO^, 16.7 g/1 agar, pH adjusted to 7. 
Autoclaved for 20 min. at 121' C. After autoclaving, 25 ml of 
a 13.6% yeast nitrogen base without amino acids, 25 ml of a 40% 
glucose solution, 1.5 ml of a 1% L-leucine solution and 1.5 ml 
30 of a 1% histidine solution were added per 450 ml agar. 

YNB-l broth: Composition as YNB-l agar, but without the agar. 

CMC overlayer gel: 1% agarose, 1% carboxymethyl cellulose in 
35 Tris-malate buffer, pH 7. The gel was boiled and then cooled 
to 55 •C before the overlayer was poured onto agar plates. 
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oat spelt xylan over layer gel: 1% agarose, 1% oat spelt xylan 
CSigma Chemical Company) in Tris-malate buffer, pH 7. The gel 
was boiled and then cooled to 55*0 before the overlayer is 
poured onto agar plates. 

construction of an nsnarqlllus expression vector: The vector 
PHD414 is a derivative of the plasmid p775 (described in EP 238 
023), in contrast to this plasmid, pHD 414 has a string of 
unique restriction sites between the promoter and the 
terminator. The plasmid was constructed by removal of an 
•approximately 200 bp long fragment (containing undesirable RE 
sites) at the 3 -end of the terminator, and subsequent removal 
of an approximately 250 bp long fragment at the 5«end of the 
promoter, also containing undesirable sites. The 200 bp region 
was removed by cleavage with Narl (positioned in the pUC 
vector) and Xbal (just 3' to the terminator), subsequent 
filling in the generated ends with Klenow DMA polymerase +dNTP, 
purification of the vector fragment on gel and religation of 
the vector fragment. This plasmid was called pHD413. pHD413 was 
cut with Stui (positioned in the 5 'end of the promoter) and 
Pvull (in the pUC vector) , fractionated on gel and religated. 
The plasmid pHD 414 is shown in Fig. 2. 



Example 1 

25 

A library from_JL_insolens consisting of approx. 300,000 
individual clones in 50 pools was constructed. 

DNA was isolated from 20 individual clones from the library and 
30 subjected to analysis for cDNA insertion. The insertion 
frequency was found to be >90 % and the average insert size was 
approximately 1400bp. 

DNA was isolated from 10 pools from the pumicola library (2ml 
35 from the original plate). An aliquot was digested with 
restriction enzymes in order to excise the cDNA insert and 
analyzed by Southern blot using a 43kD cellulase cDNA probe 
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(the 43 kD enzyme is disclosed in PCT/DK9 1/00123) and a CBH 2 
cDNA probe (the enzyme is disclosed in PCT/DK9 1/00124) . Several 
bands were found to hybridize with the 43kD cellulase probe 
after a low stringency wash ( 2x SSC 65 •C) in the 10 pools from 
5 the Humicola library. At higher stringency (0.1 x SSC, 75*C ) 
one band corresponding to the expected size for 43kD cellulase 
was detected in 5 out of 10 pools. Similar results were 
obtained with the CBH 2 probe. Here 10 out of 10 pools were 
found to have a band corresponding to the expected size for CBH 
10 2. In addition, 4 pools contained bands with a higher molecular 
weight. These bands were seen even under stringent conditions, 
demonstrating that the library is of an appropriately high 
quality. 



15 DNA from the Humicola library, pools 1-10, was transformed into 
yeast, and plates containing 20-25,000 colonies were obtained 
from each pool. The colonies were scraped off and stored in 
glycerol at -80*C. 

20 Yeast cells from the library were spread onto YNB agar to a 
total of about 400,000 colonies. The number of colonies per 
plate varied from 50 to 500. After 4 or 5 days of growth, the 
agar plates were replica plated onto two sets of SC-H agar 
plates. These plates were then incubated for 2-4 days at 30 'C 

25 before the two sets of agar plates were overlayered with a CMC 
indicator gel for detection of cellulase activity and oat spelt 
xylan indicator gel for the detection of xylanase and 
cellulase. After incubation overnight at 40'C, enzyme reactions 
were visualised with Congo Red. 10-15 ml of a 0,1% solution of 

30 Congo Red was poured onto the overlayer and removed after 10-20 
min. The plates were then washed once or twice by pouring 10-15 
ml of 2M NaCl onto the plates. The NaCl solution was removed 
after 15-25 min. Cellulase-positive colonies were identified 
on the plates with the CMC overlayer as colonies with 

35 colourless or pale red clearing zones on a red background. 
Xylanase-positive colonies identified on the plates with oat 
spelt xylan overlayers as colourless or pale red clearing zones 
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on a red background. Cellulase-positive colonies were also 
identified on plates with oat spelt xylan overlayers as pale 
red or blue clearing zones on a red background. ^ 

5 cells from enzyme-positive colonies were spread for single 
colony isolation on agar, and an enzyme-producing single colony 
was selected for each of the cellulase- or xylanase-produping 
colonies identified. 



Each of the 133 cellulase-producing colonies and 147 of the 
xylanase-producing colonies were isolated. Some of these 
colonies were inoculated into 20 ml YNB-1 brotH in a 50 ml 
glass test tube. The tube was shaken for 2 days at 30 "C. The 
cells were harvested by centrifugation for 10 min. at 3000 rpm. 



The cells were resuspended in 1 ml 0.9 M sorbitol, 0-1 M EDTA, 
pH 7.5. The pellet was transferred to an Eppendorf tube, and 
spun for 30 seconds at full speed. The cells were resuspended 
in 0.4 ml 0.9 M sorbitol, 0.1 M EDTA, 14 mM ^-mercaptoethanol. 
100 111 2 mg/ml Zymolase was added, and the suspension was 
incubated at 37 -C for 30 minutes and spun for 30 seconds. The 
pellet (spheroplasts) was resuspended in 0.4 ml TE. 90 Ml of 
(1.5 ml 0.5 M EDTA pH 8.0, 0.6 ml 2 M Tris-Cl pH 8.0, 0.6 ml 
10% SDS) was added, and the suspension was incubated at 65 'C 
25 for 30 minutes. 80 itl 5 M KOAc was added, and the suspension 
was incubated on ice for at least 60 minutes and spun for 15 
minutes at full speed. The supernatant was transferred to a 
fresh tube which was filled with EtOH (room temp.) followed by 
thorough but gentle mixing and spinning for 30 seconds. The 
30 pellet was washed with cold 70% ETOH, spun for 30 seconds and 
dried at room temperature. The pellet was resuspended in 50 /*1 
TE and spun for 15 minutes. The supernatant was transferred to 
a fresh tube. 2.5 Ml 10 mg/ml RNase was added, followed by 
incubation at 37 'C for 30 minutes and addition of 500 Ml 
35 isopropanol with gentle mixing. The mixture was spun for 30 
seconds, and the supernatant was removed. The pellet was rinsed 
with cold 96% EtOH and dried at room temperature. The DNA was 
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dissolved in 50 ^1 water to a final concentration of 
approximately 100 /il/ml. 

The DNA was transformed into E.coli. by standard procedures. 
5 Two coli colonies were isolated from each of the 

transformations and analysed with the restriction enzymes 
Hindlll and Xbal which excised the DMA insert. DNA from one of 
these clones was retransformed into S. cerevisiae strain JG169 
(MATa? ura 3-52; leu 2-3, 112; his 3-D200; pep 4-113; 
10 prcl::HIS3; prbl:: LEU2) and rescreened for enzyme activity. 

The DNA sequences of several of the positive clones were 
partially determined. The partial DNA sequences are shown in 
Sequence Listings SEQ ID#7-15. Based on the DNA sequence, the 
15 clones were classified as follows: 

Endocellulases : 

CMC l: 03, 26, 27, XY33, XY46 250 amino acids (SEQ ID#7) 
20 CMC 4: C46, 47, 50, 51, 54, 



25 



CMC 6: 



CMC 38K: 



CMC 5: 



C13 



C49 



Xy49 



101, 102, 103, 104 



"1400 bp (the enzyme of the 
invention) (SEQ ID#8) 
"1050 bp (SEQ ID#9) 
■1000 bp (SEQ ID#10) 
(SEQ ID#11) 



CMC EGl: 



C6, 11, 15, 16, 17, 21, 

22, 23, 25, XY34, 41, 145 (SEQ ID#12) 



Xylanases : 



30 



35 



XYL 3: 



XYL 1: 



XYL 2 : 



XY30, 31, 40, 42, 101, 102, 
110, 117, 119, 123, 125, 

136, XY56, 60, 137 22 kD (SEQ ID#13) 

XY103, 104, 107, 108, 109, 

113, 114, 118, 120, 121, 124, 

126, 128, 130, 134, 142, 143 (SEQ ID#14) 

XY115, 116, 132, 146 (SEQ ID#15) 
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in order to express the genes in Aspergillus the cDNA insert 
is isolated from one or more representatives of each "family and 
cloned into the vector pHD414 which is transformed into 
5 orvzae or niaer according to the general procedure described 
below. 

n,^ 4^»^.i-ion of A s r''^"^^^"^ ^^^^^ °^ AspeTXfi llus niqer 

fefftwer-al proc edure^ 



10 



100 ml of YPD (Sherman et al.. Methods in Yeast Genetics, Cold 
spring Harbor Laboratory, 1981) is inoculated with spores of 
A. orvzae or A. nicer and incubated with shaking at 37 "C for 
about 2 days. The mycelium is harvested by filtration through 
15 miracloth and washed with 200 ml of 0.6 M MgSO^. The mycelium 
is suspended in 15 ml of 1.2 M MgS04. 10 mM NaH2P04, pH = 5.8. 
The suspension is cooled on ice and 1 ml of buffer containing 
120 mg of Hovozym* 234, batch 1687 is added. After 5 minutes 
1 ml of 12 mg/ml BSA (Sigma type H25) is added and incubation 
20 with gentle agitation continued for 1.5-2.5 hours at 37'C until 
a large number of protoplasts is visible in a sample inspected 
under the microscope. 

The suspension is filtered through miracloth, the filtrate 
25 transferred to a sterile tube and overlayered with 5 ml of 0.6 
M sorbitol, 100 mM Tris-HCl, pH = 7.0. Centrifugation is 
performed for 15 minutes at 100 g and the protoplasts are 
collected from the top of the MgS04 cushion. 2 volumes of STC 
(1.2 M sorbitol, 10 mM Tris-HCl, pH = 7.5. 10 itfM CaCla) are 
30 added to the protoplast suspension and the mixture is 
centrifugated for 5 minutes at 1000 g. The protoplast pellet 
is resuspended in 3 ml of STC and repelleted. This is repeated. 
Finally the protoplasts are resuspended in 0.2-1 ml of STC. 

35 100 111 of protoplast suspension is mixed with 5-25 fig of the 
appropriate DNA in 10 iil of STC. Protoplasts are mixed with 
P3SR2 (an A. nidulans amdS gene carrying plasmid) . The mixture 
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is left at room temperature for 25 minutes. 0.2 ml of 60% PEG 
4000 (BDH 29576). 10 mM CaClj and 10 mM Tris-HCl, pH = 7*5 is 
added and carefully mixed (twice) and finally 0.85 ml of the 
same solution is added and carefully mixed. The mixture is left 
5 at room temperature for 25 minutes, spun at 2500 g for 15 
minutes and the pellet is resuspended in 2 ml of 1.2 M 
sorbitol. After one more sedimentation the protoplasts are 
spread on the appropriate plates. Protoplasts are spread on 
minimal plates (Cove Biochem.Biophys. Acta 113 (1966) 51-56) 

10 containing 1.0 M sucrose, pH = 7.0, 10 mM acetamide as nitrogen 
source and 20 mM CsCl to inhibit background growth. After 
incubation for 4-7 days at 37 spores are picked and spread 
for single colonies. This procedure is repeated and spores of 
a single colony after the second reisolation is stored as a 

15 defined transformant. 

Cellulase type 4 clones C46 and C51 and a 43 kD cellulase 
20 control clone (obtained by transforming yeast strain JG169 with 
pyHD17 carrying a DNA sequence coding for the 43 kD cellulase 
[isolated as described in PCT/DK91/000123] ) were inoculated in 
100 ml test tubes with 15 ml YNB-1 broth. The tubes were 
agitated at 30 for 2 days. 5 ml of broth from each tube were 
25 then used as seed material for shake flasks containing 100 ml 
SC-H broth. The shake flasks were agitated for 4 days at 30* C. 
The cells from 20 ml of broth were collected by centrifugation 
and mixed with 1-2 ml 0.1 M sodium phosphate buffer, pH 7, and 
3.3 g of glass beads (420-500 im in diameter) in 10 ml glass 
30 test tubes. The crude cell extracts were collected after about 
8 minutes of agitation by means of a IKA vibrax VXR (available 
from IKA Labortechnik) . 

The cellulase activity of the crude cell extracts from the 
35 yeast clones C46, C51 and 43 kD were measured under different 
conditions by the size of the clearing zones formed in CMC 
containing gels. 
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CMC gel; CMC overlayer gel as described above. 

fTMC IAS gel: 2% agarose, 1% CMC in 50 nM sodium phosphate 
buffer, pH 7, boiled and mixed with pne volume of 0.12% IAS. 

5 

The cellulase activity was measured by adding 15 ill crude cell 
extract to 4 mm (diameter) holes' in the gel. The crude cell 
extracts were diluted with one volume of 0.12% IAS before 
addition to the CMC IAS gel and with one volume of water before 
addition to the CMC gel. The clearing zones were then 
visualised after 18 hours of incubation at 40-C by staining 
with Congo Red as described above. 



10 



15 



20 



25 



The results are shown in the following table. 



Clone 


C46 


C51 43 kD 


CMC 


14 


14 17 


CMC IAS 


15 


13 0 


Activities 


are shown as 


nun clearing zones. 



It appears from the table that the enzyme produced by C46/C51 
is IAS resistsmt. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: Novo Nordisk A/S 

(B) STREET: Novo Alls 

(C) CITY: Bagsvaerd 
10 (E) COUNTRY: Denmark 

(F) POSTAL CODE (ZIP) : DK-2880 

(G) TELEPHONE: +45 4444 8888 

(H) TELEFAX: +45 4449 3256 

(I) TELEX: 37304 

15 

(ii) TITLE OF INVENTION: A Method of Cloning Proteins in 
Yeast 



(iii) NUMBER OF SEQUENCES: 15 

20 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

25 (D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
35 (D) TOPOLOGY: linear 

(ii) MOIfiCULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 
40 (A) ORGANISM: Humicola insolens 



(xi) SBQDENCB DBSCE^IPIICN: SEQ ID NO: 1: 

45 TQQOMXIAGr GTOGTOGCGT TGGCITCrOG QGCTClAGGr OCIGICTarC CCXTIACAGG 60 

TGGGTSIS^Cr TSAAOSACIG GEACftGOCAA TGC 93 

. (2) INPOPMmCK FOR SEQ ID NO: 2: 
50 

(i) SEQUENCE aORACTRRISTICS; 

(A) IE3ISIH: 92 base pairs 

(B) TYPE: nucleic acid 

(C) STE^ANDECNESS: single 
55 (D) TOPOIOGY: linear 



W093/11249 PCr/DK92/00360 

26 

(ii) MDUEX3JIE TffiE: cCNA 

(vi) C3RIGENaL SOORCE: 

(A) QE^GANISM: Humioola insolens 

5 

(xi) SBQCIENCE DESCKEPTICN: SBQ ID NO: 2: 
CSGGGGftGOC GACX3A0G?im OGGACAACAC AACaAOGACC AGGGCAftCAT OSACAACAftG 60 

10 go 

GKaOCXXSOS GCTGOCaCTP CftAOCACrOC GG . s'-^^ 

(2) INFDraMEK^I TOR SBQ ID NO: 3: 

15 (i) SEGOEMCB CHARACIIERISErCS: 

(A) lENCTH: 132 base pairs 

(B) T2EE: nucleic acid 

(C) STRAWran^ESS: single 

(D) TOPOLOGY: linear 

20 

(ii) MOEBaJIE TffiE: cCNA 

(vi) CmGTNAL SOURCE: 

(A) ORGftNISM: ffimdcola insolens 

(xi) SBCPENCE DESGRnrnrC^J: SBQ ID NO: 3: 
CCaAQQOGftA GEICaafilGG TTOQCATCaA OGAGTOCIGC GCDGAGrDOG GCMGGftGAG 60 

mrooQGcm TGGGcaAGCA caTAcrrocr togogaostc GaaszarcAA caxaorca 120 

132 

ATOQIGGCTr CA 

35 (2) INPOiWMICN FOR SBQ ID NO: 4: 

(i) SBQDENCE C3M»CTERISTICS: 

(A) imsmz 69 base pairs 

(B) TXEE: nucleic acid 
40 (C) SIRANDECNESS: single 

(D) TOPOIDGy: linear 

(ii) MDIEOIIE TSTPE: ciDNA 

45 (vi) QRKHNAL SOORCE: 

(A) OEGftNISM: Humicola insolens 



25 



30 



50 



(xi) SBQCJENCE DESCMPriCN: SBQ ID MO: 4: 

oxsaasiGAA aansAcxaac aacaactigg cxdseagogac osagaacaag CKsrorAoca 60 

GaiGGATCA 

55 (2) mPDRManON FOR SBQ ID NO: 5: 
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(i) SEQUENCE aC^CTEEOSTICS : 

(A) LENGIH: 120 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANECCNESS: single 
5 (D) TOK)I£3GY: linear 

(ii) MDI£GUI£ lYFEl dWk 

(vi) OKEGINZVL SOURCE: 
10 (A) OS^cmSM: Humioola insolehs 

(xi) SBQPEaMCE nESCRXPIICN: SBQ ID NO: 5: 
15 GGAOGSTOOS GCAOGaGCftC GGOCTQOGTC AGCACOCaGG TOQGCXTPCA QOQCSTCATr 60 
QGOGOSAOCSV ACIGGCTCAG GCAAAAOQGC AAGGITOGAC TGCTOGOSAC TTOOOGOSGC 120 

20 (2) INFCS^MmON FC^ SBQ ID NO: 6: 

(i) SEQUENCE CiB^CIIiaSTICS: 

(A) lENGTH: 120 base pairs 

(B) lYEE: nucleic acid 
25 (C) STOANOEDNESS: single 

(D) TOPOIOGY: linear 

(ii) mUSOJIE TiPE: c^CNA 

30 (vi) ORIGINAL SOURCE: 

(A) QE^GANISM: Humioola insolens 



35 



40 



(xi) SEQUENCE DESCRIPncai: SBQ ID NO: 6: 
GCCAftSTGOG TTTGOCaGCA GQOCaTDGAG GGCftTCCTGA AOCAOCrrOCA GGaCAMCftGC 60 
GMXIPCroGA CaGSTGOGCT CTQGIGGGOG GGftGQOOOCT GGTOGQGTro ACEATAITCTA 120 

(2) INFUESnnON FOR SBQ ID NO: 7: 



(i) SEQUENCE ClffiRACTEElISnCS: 

(A) IENC3IH: 1027 base pairs 
45 (B) TXPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOIDGY: linear 



50 



(ii) MDIECUIE T2FE: cOA 

(vi) ORIGINAL SOURCE: 

(A) OE^GANISM: Humioola insolens 



55 



(xi) SEQUENCE DESCKEPTICN: SBQ ID NO: 7: 
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cftTOQCxam mxaoaGc tceacigcrg Aocnsroca. MnrrosGA tcrooqocrt 
GdcaaGicr ccaciocaoc ioqgqooc3gc Gaxasmoc GnxaGsroGG carosKrooc 120 

dGGIOOGGC AKKGCEOG AGCrSTEGftA CaaOCICEQG GGCaaGGACa CCCCO^KHC 240 
CGGCIGCX3A TCCAOCT?^ 

ocaGOQOsGc oQcaaGftJKA GosacaaxaA caaaajoasc AcasroQcaxsE osKaaaa 420 

15 (XKinSGftCX: GACSOXXCTE oo^^ '^^^ 
OC3mXX3^ TOSGGOGGCG ACTAOaGCr 540 

ciaooocaac GGcaasnoc ACRGOcaGsr caaocrrGcr ggeose&oct GOGMrcrcrs soo 
^° QOGcxaz^ Mosastf^ TCOs^^ ^° 
TGacnoMa: tcogjoica ASGRcrrcrr caacraccrE Gftooscaaoc Ajosoacxx: 720 

25 GGCfta3GGAG C3«aaK^ 

GGGnaacEP GOcaGGaaQC coMsasfAC AAOGaaGaaA tsmgacaga caAGTCRnrc 900 

1027 

35 TnaGaG 

(2) JNECmKUKSH IQR SBQ ID NO: 8: 

(i) SECJDENCE CHaPACTERISTICS: 
40 (A) lENGGH: 872 base pairs 

(B) TJOE: nuciLeio acid 

(C) SCRANDEQIESS: singrle 

(D) TOPOnxX: linear 

45 (ii) M3IEC0IE TOE: cENA 

(vi) CSECTOHAL SOURCE: 

(A) <a?iaNISM: Humicola insolens 

50 

(xi) SEQDENCE DESCRIPniON: SBQ ID NO: 8: 

AflftfiocrcaA cAcaMTACx: atctigcaca GrcsrocnGC asGaCTcnc caacrosBG 60 
55 ascrasaockcosasroaai^^ ^° 



10 
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- CTGLSTGICC GGnACAOGT GOCTCTACIT GAAOGACIGG TACAGCX^^ GCTAGOGCAG 180 

OOGAaSAOCT TftOSGACAAC ACAACSAOSC CAGGGCAACA TOGACAACAA GGTCAGCOCX: 240 

5 GGCimaCT TCAAOCaCTC OSGOCAAGGC GAACTICAAG TGCHTOGCaT C3VACXftGT0C ' 300 

TCCXXaxaCT TOOGCaAGGA GACTATOCXSG CTATQGGCAA GCkCm^Cn OCnOGOGAC 360 

GKXSrOGATr CAAGa3CAC3V TCSUaOGTOG CITCACAICT CXUNNNNQGC AACTCTGGAC 420 

GGCTGAOJrG AAOGaXSAOCA ACAACAAGIT GGCOGTAGOG ACCEAGAACA AGCTC?IGrAC 480 

CAGftaxscaic miacctoga croGGAOsGr ocxsgcaogag caosgoctgc gtcagcaocx: 540 

15 AGCSraOGCnr TCftGOGOGTC ffrrOGGGOSA OCAACTOGCr CAQGCAAAAC QGCAAGGTIG 600 

GAdGCTOSC GACTTBCXXK: GGCXSCrAAGT GGGTITCCXA GCAGGCCMT GAGGGCSMGC 660 

TCAACCAOCT CCftGGAGAAT AGOGAICrcr GGACAGGTCC GCTCTGCIGG GOGQGAGGOC 720 

20 

0G?IGGaX3GGG TGACTAIEATC TACTCX3ITIG AAOCTCITaG GGI2A!nGGCr ACACXTEACEA 780 

CAATKXXnr CTCAAGAAAT ADGTGCXaTA GGTGCEATAA GAaDGTCGrDC CTGACTCAAG 840 

25 AGGGITTGAC AGGAADQCAG OOCTGAGGCT TT 372 

(2) INFCRMATICDN FOR SBQ ID NO: 9: 

(i) SEQUENCE OIAIACrERISTICS: 
30 (A) LENGTH: 368 base pairs 

(B) TYPE: nucleic acid 

(C) STI^ANOECNESS: sii^le 

(D) TOPOLOGY: linear 

35 (ii) M3IECDIE TYIE: cCNA 

(vi) ORIGINAL SOURCE: 

(A) GSCANISM: Bumioola insolais 

40 

(xL) SEQUENCE DBSCREFnCN: SEQ ID NO: 9: 
GTIGaaGGCC CTCAACAGAG GADGKAOSr OOOGAAAATC TOCaGGGCTA OSGAGIMCT 60 
45 ACAGAAaMC CaCAAOCAAA CAAAAG?rCAA TTCACXTOOG ATOOCAACaT GACAAOOOCT 120 
TCAGGCaDQGG TOOGAAOCAA CEAOCTAGOC AGCXTCTCTC CMTITOCAT CTOCIAAGAC 180 
CAACaXXCT OCAATCICTG OCXmAAAT aSGGrTGAOC OSAATOGATC CAGATCOGCA 240 
AACAOCAOCT GCCAAOCATC OGCIGCQOOC GCXXTOGGTC AAGAAOGACT TQGOOGGTCT 300 
OSTTOOOGGA GCAGCCACPC GAOCACTAGC TGGOOGCOGT GOGAACTIGC OarraEAG?EA 360 

55 ccaiAQGr 3^ 



50 
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(2) INFOHMftTICaT TOR SBQ ID NO: 10: 

(i) SBQC3ENCE CHARACTERISTr CS : 
(A) I£NGIH: 720 base pairs 
5 (B) T£PE: nucleic acid 

(C) SEEffiNDEENESS: single 

(D) TOEOrOCT: linear 

(ii) MOIECULE THE: cENA 

(vi) QEdGIKAL SOURCE: 

(A) 0R3ANISM: Humioola insolens 
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10 



15 (xi) SEC0EKCE DESCRIPEIC3N: SBQ ID NO: 10: 

IB^AAGGCAOCAAG^ 

AACCaCIGCT CGCACGGCCX: CGRaOGGAC GTSAOCTOGC CGGCCi^C 120 

25 CXSGCAMAO; GOOGO^ 

CX3GCCK3CTG GHGOGACaG CraSTTGAOC TGGCafflQCT TGCXaftGAftG ACTCTOKTCA 360 
AaHNNNNNAC CTOCSOCiaa; TTOGCaMAA CaACnCKCT CMa«rCX3G TCOSKCaGG 420 

AoaasacnA oocreccGOS 

GCftQCrciAC JOTTOGKOG aX2AAM)C^ OGamOGGOG GCaOOGGCAC GCICRAOOOG 540 
35 GGCCAGCTO raXXJITO^ 

CroiacroGC OGOOGOOGAC CCftGflACMC AAOOOOQGTC OGGOGOOGG?! gaagdgctga 

40 

(2) INPORMZaiCN FOR ID NO: 11: 

(i) SB3JENCE CJiARACEERISriCS: 
45 (A) imsmi 724 base pairs 

(B) TZEE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOroiOGY: linear 

50 (ii) HDLSOJLE T£PE: cENA 

(vi) OREGINALi SCORCE: 

(A) QRGftNISM: Humioola insolens 



600 
660 
720 



55 



(xi) SEQCJENCE DESCRIPIICN: SBQ ID NO: 11: 
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CCTAGGTOGC CXAOCATCOG OGTITCTCIT GCnXTCCCTOG CCTACXrCGCT CAGC3GCCG0C 60 
C3aQGOCaX3GC CXX3IXXX3QGA GCTOGAGOCC OGGCaGPTCOS GCAACXXXTT CTCOGGCXDGC 120 
5 AOOCTQCTGG TCAACTOQGA CIM3U3GAGC AAGCTOGAOC AGAOGOQOCA GGOCTTrOCT 180 
GrOOC3GCX3GC GAa3VG3^CX3^ A0GCIG0C2A GGTCAACTAC GTOCaQGAGA AGGTIGGCAC 240 

c m cj m TC GAcriaaAC ATcrrocrcc TGOGcaccAC tgaogtigcx: mxxagaaiig boo 

10 

0G0GCCX30CA N2GO0GCQCG ASAACOXftT 0SrOQG?rCTC GTCCICTACA ACCIXXX:OGA 360 

OOXXacroC AGOGAOQOQG CaGTAOCrCT QGOGAOGJITA AGCICrCXXA GAACXSGCXnG 420 

15 AAOCJGGEACA AGAAOGftGIA OGTCaAOOaG TTOQOCXaGA AGCTCAAGGC C3X3SrOC3GAC 480 

GIGGftCTTOG OCXSrCMOCr OSAGOCXXSM? GOC^TOGGCA ACMGGTCAC GQGC3«X:AGC 540 

GCCnCTGOC GCS^AOGCOOG OSGOCXnCftG AGGAGGOCAT OQGCEAIGCT ATCTCTCXnC 600 

20 

GGCIQGGCC3G MAAOCTOGA G0GAAC3G0C CAGGAGGTGC CACCASCCTC CAAAAGGOCG 660 

GIAACAAOGC AAGftTOQCXSG CTTCTCaGCA AOGTrOCAAC TACAAQCEAT TCAOGAGAAC 720 

25 OGOG "724 

(2) IMEOTMmW FOR SBQ ID NO: 12: 

(i) SBjyJENCE CHARACTEraSTICS: 
30 (A) IBNGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) SISANDECNESS: single 

(D) TOPDirxSY: linear 

35 (ii) mUECaiE THE: cDNA 

(vi) ORIGINAL SOURCE; 

(A) ORGANISM: Humicola insolens 

40 

(xi) SEOPENCE EESCSaPnON: SEQ ID NO: 12: 

GCTCcrrocA G icm GAgr tocitoggac ciGcaGCGrrc crsAACAAcr ascicEAGcr 60 

45 CAACAAOCAT G 71 

(2) INFC2RMATI0N FOR SBQ ID NO: 13: 

(i) SBQDENCE CHARACIEE?ISnCS : 
50 (A) LENGTH: 572 base pairs 

(B) TYPE: nucleic acid 

(C) STE^ANDEDNESS: single 

(D) TOPOIDGY: linear 

55 (ii) MDLECUIE lYPE: cDNA 



300 
360 
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(vi) CEIGDBiL SCOKCE: 

(A) OESSANISM: Humicola insolais 

5 (xi) SBQCJENCE DESCRIFnCN: SBQ ID NO: 13: . 

GGCOSTCGCC GCnCITCRG TJXSTGmJSk TCXHCCHECk ACECECaGIT GaOCRnJQGTC 60 

TOscrcftftGP ciGKCioGC GGoasocaas (xnm^iscs oEQCRirGC i^ccccrm 120 
^° (3«3an3rTC OKxaoGftCftA 

GftOGGOBa: J^aaaaxm ciT^^ 240 
15 oacaDcaacc TOsaGGGcaG ooociaaaG GaxafflOssGc GmacaocxsG caata.iv*ac 

GCTGCTEftflGG GITCGAAOCX: QGGftAOOGGC OQCaOGa3Ka AOaaSGOQG CTftCTKaAC 

- ocxxaGQGCA AOGGCiaocr GGoasrcmc GGcaxsGaooc GcaAoqotscr cjcroGftSEAC 420 
TOcmraooG AaoGOGaacA Giaaxaczflx: TnxsTGftGCA cocxsrcacRA ocfiGOOcaGc 540 

572 

25 MCAOGGGAC CJOGGAOGTOC AGCTftGIACr GG 

(2) INPORMftTICW FOR SBQ ID NO: 14: 

(i) SBSIENCE CHARAdEEOSnCS: 
30 (A) lENCTH: 173 base pairs 

(B) TXFE: nucleic acid 

(C) STRfiNDEENESS: single 

(D) TOPOIDCT: linear 

35 (ii) miBOJIE T£PE: cENA 

(vi) C3RIGINaL SCORCE: 

(A) QRSANISM: Humioola insaLCTs 

40 

(xi) SBCPENCE DESCRIPriON: SBQ ID NO: 14: 
AAAGTAGarc GKXnGCTOC CERGAAAOCA GTCAGTCAaT CACAAaEOGT TCTRTOQCTC 60 
45 TCXXaxaroC TCQSGO^ 

CATOQGCTGG AACQGCTTAC GACrEGC3CTC TOQGGOGCEA CXHSCkCCMi GAT 
(2) INPORMATIiON TOR SBQ ID NO: 15: 

50 

(i) SEQCIENCE CHSRACIERISTrCS: 

(A) lENGOH: 214 base pairs 

(B) THE: nucleic acid 

(C) STRANDEmESS: single 
55 (D) TOPOnXY: linear 



120 
173 
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(ii) MDIECUIJB TYPE: cCNA 

(vi) CmdHAL SOURCE: 

(A) OIONISM: Homioola ijnsolens 

5 

(xl) SBQPEKCE DESCKCFnC^: SEQ ID NO: 15: 
AAAGQOQCftG OCSftTCAAGAA OOCaAGCaGT CTOTCAAAAT GGaXDQOCITC TCXSTCCCTCT 60 

10 

TOCKX3CTGC TIXXXrCGCC GCXA0GC3GIC GGOOGGCOCX: GGTCIAGCTG O0a3GCMGC 120 
AOCTGAACAA G0GarcaGAC3C TACAOOOCaG AGOGCTAOOG GCACTCACAA CGGCEACATC 180 
15 TK^KXTTCT GCSACTGACOG TCTGGCOSAA OSTC 214 
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CLAIMS 

5 1. A method of screening for a DNA sequence coding for a 
protein of interest, the method comprising 

(a) cloning, in suitable vectors, a DNA library from an 
organism suspected of producing one or more proteins of 

10 interest, 

(b) transforming suitable yeast host cells with said vectors, 

(c) culturing the host cells under suitable conditions to 
15 express any protein of interest encoded by a clone in the DNA 

library, and 

(d) screening for positive clones by determining any activity 
of a protein expressed in step (c) - 

2. A method according to claim 1, wherein the DNA library xs 
a cDNA library prepared from the mRNA of an organism suspected 
of producing one or more proteins of interest. 

25 3. A method according to claim 1 or 2, wherein positive clones 
isolated in step (d) are subjected to rescreening, reisolation 
and recloning. 

4. A method according to claim 1 or 2, wherein the organism 
30 suspected of producing one or more proteins of interest is a 

eukaryotic organism. 

5. A method according to claim 4, wherein the eukaryotic 
organism is a ftmgus. 

35 

6. A method according to claim 4, wherein the eukaryotic 
organism is a plant. 
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7. A method according to any of claims 1-6, wherein the protein 
of interest is an enzyme - 



8. A method according to claim 1, wherein the yeast host cell 
5 is a strain of Saccharomvces cerevisiae, Schizosa ccharomvces 

porabe , Hansenula, Pichia , Yarrowia lioolvtica or Kluyveromyces 
iactis. 

9. A process for producing a protein of interest in a 
10 heterologous host cell, the process comprising transforming a 

suitable heterologous host cell with a DNA sequence coding for 
a protein of interest, which DNA sequence has been isolated by 
the method of claim 1, culturing the transformed cells under 
suitable conditions to express the protein, and recovering the 
15 expressed protein from the culture. 

10. A process according to claim 9, wherein the DNA sequence 
coding for the protein of interest has been isolated by the 
method of claim 3. 

20 

11. A process according to claim 9 or 10, wherein the protein 
of interest is an enzyme. 

12. A process according to any of claims 9-11, wherein the host 
25 cell is a strain of Aspergillus , for instance a strain of 

Aspergillus oryzae or Aspergillus niger. 

13. An enzyme which exhibits cellulase activity, and which has 
the following characteristics 

30 

(a) the DNA sequence encoding the enzyme has been isolated from 
a DNA library of Humicola insolens. 



35 



(b) said DNA sequence comprises at least one of the following 
partial sequences 
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(i) 



10 



15 



20 



25 



30 



(ii) 



(iii) 



(iv) 



(V) 



(vi) 



TGGCAGCAGT GTGGTGGCGT 
CCTGTGTGTC CGGTTACACG 
GTACAGCCAA TGC 
(SEQ ID#1) 

CAGCGCAGCC GACGACGTTA 
AGGGCAACAT CGACAACAAtS 
CAACCACTCCG G 
(SEQ ID#2} 



TGGCTTCTCG 
TGCGTGTACT 



GGCTCTACGT 
TGAACGACTG 



CGGACAACAC 
GTCA6CCCCG 



AACAACGACC 
GCT6CCACTT 



CCAAGGCGAA 
GCTGAGTTCG 
CTTACTTCCT 



GTTCAAGTGG 
GCAAGGAGAG 
TCGCGACGTC 



TTGGCATCAA 
TATCCGGCTA 
GTCGATTCAA 



CCAGTCCTGC 
TGGGCAAGCA 
GCGCACATCA 



ATCGTGGCTT CA (SEQ ID#3) 



(c) 



CTGACGTGAA CGTGACCAAC AACAACTTGG CCGTAGC6AC 
CGAGAACAAG CTGTGTACCA GATGCATCA (SEQ ID#4) 

6GAC6GTCCG GCAC6AGCAC GGCCTGCGTC A6CACCCAGG 

TCGGCCTTCA GC6CGTCATT GGCGCGACCA ACTGGCTCAG 

6CAAAACGGC AAGGTTGGAC TGCTCGCGAC TTGCCGCGGC (SEQ 
ID#5) 

GCCAAGTGGG TTTGCCAGCA GGCCATTGAG GGCATGCTGA 

ACCACCTCCA GGAGAATAGC GATGTCTGGA CAGGTGCGCT 

CTGGTGGGCG GGAGGCCCGT GGTGGGGTTG ACTATATCTA (SEQ 
ID#6) 

the enzyme comprises a cellulose-binding donain, and 



(d) the enzyme exhibits endocellulase activity in the presence 
of linear al]^l benzene sulfonate. 

14. An enzyme according to claim 13, a crude extract (15 p,!) 
35 of which diluted with one volume of 0.15% linear alkyl benzene 
sulfonate and added to a 2% agarose gel containing 1% 
carboxymethyl cellulose in 50 mM sodium phosphate buffer. 
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pH 7, mixed with one volume of 0.15% linear alkyl sulfonate 
forms a clearing zone in said agarose gel after 18 hours of 
incubation^ which clearing zone is equal to (less 3 mm) the 
clearing zone formed in a similar carboxymethyl cellulose gel 
5 not containing any linear alkyl benzene sulfonate, provided 
that the concentration of enzyme in the extract is such that 
a clearing zone of at least 10 mm is formed in a carboxymethyl 
cellulose gel (with no linear alkyl benzene sulfonate) under 
the conditions specified above. 

10 

15. A detergent additive comprising an enzyme exhibiting 
cellulase activity according to any of claims 13-14, preferably 
in the form of a non-dusting granulate, stabilised liquid or 
protected enzyme. 

15 

16 • A detergent additive according to claim 15, which further 
comprises one or more other enzymes such as a protease, 
amylase, lipase or peroxidase. 

20 17. A detergent composition comprising an enzyme exhibiting 
cellulase activity according to any of claims 13-14. 

18. A detergent composition according to claim 17, which 
further comprises a linear alkyl benzene sulfonate surfactant. 

25 

19. A detergent composition according to claim 17 or 18, which 
further comprises one or more other enzymes such as a protease, 
amylase, lipase or peroxidase. 



30 
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Method of screening for a DNA sequence coding for a protein of interest, 
the method comprising 

(a) cloning, in suitable vectors, a DNA library from an organism suspected 
of producing one or more proteins of interest, 

(b) transforming suitable yeast host cells with said vectors, 

(c) culturing the host cells under suitable conditions to express any 
protein of interest encoded by a clone in the DNA library, and 

(d) screening for positive clones by determining any activity of a protein 
expressed in step (c) . 

An enzyme which exhibits cellulase activity and has been isolated from DNA 
library of Humicola insolens. The enzyme has a cellulosebinding domain and 
exhibits endocellulase activity in the presence of linear elkyl benzene 
sulfonate. 
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